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[54] Title of Invention: Fluidized Bed Catalyst for Propylene or Isobutylene 

Ammoxidation 



[57] [Abstract] 

A fluidized bed catalyst for the production of acrylonitrile or methacrylonitrile by 
propylene or isobutylene ammoxidation. The active components comprised by the 
catalyst used are expressed by the general formula Mo^^BiaFebNicXdYeZfQgOx, 
wherein X is one or a mixture of two or more elements from among Mg, Co, Ca, Be, Cu, 
Zn, Pb, Sb, Mn, Cr; Y is one or a mixture of two or more elements from among La, Ce, 
Sm; Z is one or a mixture of two or more elements from among K, Rb, Na, Cs; Q is one 
or a mixture of two or more elements from among B, W, P, V; a ~ fare the numbers of 
atoms of appropriate elements and x is the sum total of oxygen atoms required by the 
valences of the other elements. Compared to the existing process, this catalyst enables 
the conducting of reaction under low oxygen ratio and ammonia ratio and lower 
temperatures; furthermore, it has a higher acrylonitrile yield. 



SCOPE OF PATENT CLAIMS 



1 . A fluidized bed catalyst for the production of acrylonitrile or methacrylonitrile 
by propylene or isobutylene ammoxidation which comprises Mo, Bi, Fe, Ni and, 
optionally, one or more oxides of metals from among Mg, Co, Ca, Be, Cu, Zn, Pb, Sb, 
Mn, Cr, La, Ce, Sm, K, Rb, Na, Cs, B, W, P or V and the active ingredients contained 
therein are expressed by the general formula: 

Moda^BiaFebNicXdYeZfQgOx 
in which formula: 

X is one or a mixture of two or more elements from among Mg, Co, Ca, BeCu, 
ZN, Pb, Sb, Mn, Cr; 

Y is one or a mixture of two or more elements from among La, Ce, Sm; 

Z is one or a mixture of two or more elements from among K, Rb, Na, Cs; 

Q is one or a mixture of two or more elements from among B, W, P, V; 

a = 0.1 - 6, b, c, d, e, g = 0.1 -10, f = >0 -0.5, x is the sum total of oxygen atoms 
required by the valences of the other elements. 

The support utilized by the catalyst is silicon dioxide or alumina or a mixture of 
the two, and its content is (40 -60) % (wt.) of the total amount of catalyst. 

2. A method of manufacturing acrylonitrile or methacrylonitrile described in 
Claim 1 characterized in that X in the above-mentioned catalyst is Mg or Co or a mixture 
thereof. 

3. A method of manufacturing acrylonitrile or methacrylonitrile described in 
Claim 1 characterized in that Y in the above-mentioned catalyst is La or Ce or a mixture 
thereof. 

4. A method of manufacturing acrylonitrile or methacrylonitrile described in 
Claim 1 characterized in that Z in the above-mentioned catalyst is Rb or Cs or a mixture 
thereof. 

5. A method of manufacturing acrylonitrile or methacrylonitrile described in 
Claim 1 characterized in that Q in the above-mentioned catalyst is W or V or a mixture 
thereof. 

6. A method of manufacturing acrylonitrile or methacrylonitrile described in 
Claims 1 , 2, 3 or 4 characterized in that the support of the above-mentioned catalyst is 
silicon dioxide. 



SPECIFICATION 



FLUIDIZED BED CATALYST FOR PROPYLENE OR 
ISOBUTYLENE AMMOXIDATION 

This invention pertains to a catalyst for manufacturing unsaturated nitriles by 
olefin ammoxidation, wherein the active ingredients of the catalyst used are 
molybdenum, bismuth, iron, an a variety of metal oxides. 

Mo-Bi catalysts are well known and commonly used in the reaction that produces 
unsaturated nitriles from olefins (such as producing acrylonitrile or methacrylonitrile 
from propylene or isobutylene). Moreover, ever since the Mo-Bi catalysts first appeared, 
improvements to their compositions have been continuously patented. For example, 
adding transition metals to the active ingredients to increase activity and raise the product 
yield-per-pass; adding rare-earth elements to increase redox capacity; adding Na, P, and 
other elements to improve the catalyst's abrasion performance; adding Fe, Co, Ni and 
other elements to suppress Mo volatilization and increase catalyst stability etc. In recent 
years, the research of acrylonitrile catalysts has been focused on the catalyst's ability to 
efficiently utilize oxygen or ammonia, i.e. on enabling the conducting of a reaction with a 
lower oxygen ratio and ammonia ratio. It is obvious that a lower oxygen ratio and 
ammonia ratio will increase the yield, but lower ammonia ratio is even more important to 
reduce the unreacted ammonia content of the tail gas, and, accordingly, reduce the 
amount of acid used to neutralize unreacted ammonia. This is very advantageous for the 
reduction of production costs and pollution control. In patent CN 96101529.2 an 
improved Mo-Bi catalyst was introduced whose advantage is the better redox stability of 
the catalyst; thus the reaction can produce a better yield with lower oxygen ratio and 
ammonia ratio of the feed. 

The goal of this invention is to offer a new Mo-Bi catalyst. By comparison to 
similar catalysts introduced in comparison documents, it retains their advantages while at 
the same time offering a higher propylene conversion and a higher acrylonitrile or 
methacrylonitrile yield-per-pass. 

The catalyst offered in this invention comprises Mo, Bi, Fe, Ni and, optionally, 
one or more oxides of metals from among Mg, Co, Ca, Be, Cu, Zn, Pb, Sb, Mn, Cr, La, 
Ce, Sm, K, Rb, Na, Cs, B, W, P or V and the active ingredients contained therein are 
expressed by the general formula: 

Mo( 1 2.g)Bi a Fe b Ni c X d YeZfQgOx 
in which formula: 

X is one or a mixture of two or more elements from among Mg, Co, Ca, Be, Cu, 
Zn, Pb, Sb, Mn, Cr; 

Y is one or a mixture of two or more elements from among La, Ce, Sm; 

Z is one or a mixture of two or more elements from among K, Rb, Na, Cs; 

Q is one or a mixture of two or more elements from among B, W, P, V; 



a = 0.1 ~6, b, c, d, e, g = 0.1 -10, f = >0 -0.5, x is the sum total of oxygen atoms 
required by the valences of the other elements. 



The support utilized by the catalyst is silicon dioxide or alumina or a mixture of 
the two, and its content is (40 -60) % (wt.) of the total amount of catalyst. 

However, the best X is Mg or Co or a mixture thereof; the best Y is La or Ce or a 
mixture thereof, the best Z is Rb or Cs or a mixture thereof, and the best Q is W or V or a 
mixture thereof. The preferred support is silicon dioxide. 

The catalyst can be prepared by the slurry method known to those skilled in the 
art or by other universally known methods. The raw materials usually applied for 
catalyst components are nitrates or other water-soluble salts and acids, to facilitate the 
uniform mixing of components. 

Compared to the existing processes, the catalyst offered in this invention has a 
better redox capacity and very good redox stability within a wider range of reaction 
conditions. Therefore a higher product yield-per-pass can be achieved with lower air / 
olefin ratio and lower ammonia / olefin ratio, and, presuming that the higher olefin 
conversion rate is preserved, acrylonitrile or methacrylonitrile selectivity is dramatically 
increased. Moreover, the catalyst offered in this invention has a comparatively lower 
reaction operation temperature, which has an extremely favorable effect on extending the 
catalyst service life. 

Below this invention will be described in greater detail with Practical Examples. 
The positive effect of this invention is clearly demonstrated by the evaluation data of the 
Practical Examples. 

In the Practical Examples below, the actual conditions of the catalyst examination 
and evaluation were as follows: 

Reactor: fluidized bed reactor, internal diameter 38 mm 

Catalyst charge: 550 g 

Pressure at the top of the reactor: 0.085 / 0. 1 1 / 0. 1 4 MPa (gauge) 
Reactor temperature: 420 / 4 1 0°C 

Reaction time: 4 hours 

Raw material ratio: propylene / ammonia /air =1/1.15/9.5 (mole ratio) 

WWH: 0.06 

The reaction product was absorbed by acid liquor and water at 0°C. The product 
was analyzed by a combination of gas phase chromatography and chemical analysis. 
Carbon balance was calculated and significant data were those obtained when the carbon 
balance was (95 - 105)%. 



The definitions of propylene conversion rate, acrylonitrile yield and selectivity are 
as follows: 

Reacted propylene mole number 
Propylene conversion rate (%) = x 1 00 

Fed propylene mole number 



Produced acrylonitrile mole number 
Acrylonitrile selectivity (%) = x 1 00 

Reacted propylene mole number 



Produced acrylonitrile mole number 
Acrylonitrile yield-per-pass (%) = x 1 00 

Fed propylene mole number 

Practical Example 1 

423.2 g of (NH4)6Mo 7 024-2H 2 0 was placed in 330 g of water at 70°C and stirred 
till it was completely dissolved. The 1250 g of 40% (wt) silicasol was added thereto to 
make substance A. 

166 g of Fe(N0 3 ) 3 -9H 2 0 were added to 40 g of hot water at 70°C and stirred until 
it was dissolved, then to it were added 91.3 g of Bi(N0 3 ) 3 -5H 2 0, 292.8 g of 
Ni(N0 3 )3-6H 2 0, 104.5 g of Mg(N0 3 ) 3 -6H 2 0, and 46.7 g of Sm(N0 3 ) 3 nH 2 0; upon 
stirring to dissolving substance B was obtained. 

1.9 g of KN0 3 and 1.5 g of RbN0 3 were dissolved in 20 g of water and then 
added to substance B to form substance C. 

Substance C was added drop by drop to substance A while quickly stirring and, 
after ageing at 70°C for 3 hours, it was spray dried, the resulting particles were calcined 
for 3 hours in a rotary calciner, and the catalyst product was obtained. 

Practical Examples 2 ~ 13 

The method of catalyst preparation was the same as in Practical Example 1, 
except that the starting materials and their corresponding amounts were different. 

The starting materials and their corresponding amounts used in Practical 
Examples 1 -13 are listed in Table 1; the composition of the various active ingredients of 
individual catalysts is shown in Table 2. 

The catalyst products were examined and evaluated based on the examination and 
evaluation conditions stated above, and the results were included in Table 3. 
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[57]« 

Mo( u .,)Bi.F 0b Ni. ^YAQ.O,**,^* X # Mg. 
Co,Ca N Be^ Cu.Zn.Pb.Sb.Mn.Cr * ft— fj»#jSf«»m.h 

m%Z% K.Rb.Na.Cs #l|RW#m JlWJg^lQ 



& m m * 15 



jM8Hfc#J, MMo> Bk Fe. Ni, KA-ftal*^ Mg- Co. Ca> Be. 
Cu> Zn. Pb> Sb> Mn> Cr. La> Ce. Snu K. Rb> Na. Cs> B> W. 

Mo ( 12 ^> Bi a Fe,, Ni c Xa Y c Z f Q g O x 

X % Mg> Co. Ca. Be. Cu. Zn> Pb> Sb. Mn. Cr — 

Y^La. Ce. Sm +^-#3ftW#^±-W*^4fc. 
Z^JK. Rb. Na. Cs+fc-*t*W#NJitt»^4fr. 
Q^JB. W. P. V+tt-tfAWtf&JittiM-fc. 
a = 0.1—6, b> c> d. e. g = 0.1~10, f= >0~ 0.5, x 

$Ht#J&*ft (40-60) % (w. t. ). 

5, ft&Ml|JE* 1 J9f4&W«4k*J. #4#4fc£-f Q * W A V A£ 



i# m ^ 



Mo-Bi ^^J^-f-J^^fiJ^^Jt #T)>#&#1# 

*A#±*j|^**te«*fci;; i/PANa, 
P^**^**^*!^**^; >AFe, Co, Ni«x;#BUt|HMMbtt 

^JCN 96101529. 2 4MB T -# gMfett Mo-Bi ^^J, *ifeAA 

Mo-Bi #ft*!|'Mr Mo. Bi> Fe, Ni, KAftiM^ 
^ Mg> Con Ca^ Be> Cu. Zn. Pb> SIk Mn> Cr> La^ Ce^ Sim K> 



Rb. Na. Cs. B. W. V^-M##Mttt, 

Mo (12 . g > Bi a Fe b Ni c X d Y e Z f Q g O x 

X^/Mg. Co. Ca. Be. Cu. Zn> Pb. Sb. Mn. Cr^ft — ftj^W 

Y La. Ce. Sm * # -^jfc ^Jift , 

Z^K. Rb. Na> Cs+tt-JN , *W##J:ttfc£'4fr, 

Q3/B. W. P. Vt^-M(I#^M, 

a= 0.1—6, b. c> d. e. g = 0.1 — 10, f = > 0—0.5, x%$jfc&'& 

flUfc#J&*# (40- 60) % (w.t. ) . 

x Mg jft Co jft£ft4>4fr; Y*#Au*Ce*W^ 
4fr; z Rb * c« **»^#r; Qf^w^v^M^. 



%m ■r**0Ufc#j Hum 



*fcJfcRj£*, 38mm 
550 

0.085 MPa 
420/410 *C 
4 s^H 

<#*lfc) : / A / - 1 / 1-15 A 1.05 / 9.5 

WWH : 0. 06 

4*. SUMMMe (95~i05) 



Wttftft* ( % ) = 



(Wflfr^& ( % ) = 



******* 



x 100 % 



x 100 % 



x 100 % 



# 423. 2 % (NH«) 6Mo 7 0 2 4 • 4H,0 yfaXi'J 330 jfc 70*Cl$7&* + , 
fe£-£3P&#, #;foX1250 * 40% (w. t. ) ftJ/ft&ftA. 

4^ 166 ^ Fe(NO,), • 9H,O*iX40 7<TC*Mt+, 
ijPX 91.3 £ Bi (NOj) 3 • 5H 2 0 , 292.8 % N i (NOj) j • 6H 2 0 , 104. 5 % 
Mg (N0 3 ) j • 6H 2 0 , 46. 7 g Sra(NO,)3 • nH 2 0 , ^#^^#«J^#f3|4 B. 

& 20 1. 9 % KN0 3 ^a 1. 5 £ RbNOj, &MH&ft£jp\& 

^ifefcl 2-13 

*. 
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1. K <) .o 9 Mo 11 . 8 Bi,Fe,. 8 Ni 6 . 8 Mg 2 La 0 . 5 Rb 0 . 0 5V 0 . 2 
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